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(54) METHOD OF ASSAYING GLYCOPROTEIN 

(57) Based on a principle that is different to that of 
a conventional enzymatic method, the present invention 
provides a novel method for assaying a glycated protein 
by a simple procedure, within a short period of time, and 
with high accuracy, and a reagent kit for assaying used 
in the method. The method for assaying a glycated pro- 
tein in a sample is realized by treating a glycated protein- 



containing sample with protease to liberate a glycated 
peptide, preferably an a-glycated peptide, particularly 
preferably an a-glycated dipeptide, from a glycated pro- 
tein, allowing an oxidase to react with the liberated gly- 
cated peptide, and determining the produced hydrogen 
peroxide. 
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Description 

TECHNICAL FIELD 

[0001] The present invention re.ates to a method for assaying a glycated protein in a sample and a reagent kit for 
assaying, which is used in the assay method. 

BACKGROUND ART 

roo021 A qlvcated protein is a protein that has been glycosylated in a nonenzyme .......... «.d P;~~™ 

; •**M««v~*r «nc they .,. ^..through A™d«i ream n 9em en, 

ok A^f 112 197-204 (1981)) An enzymatic method is currently proposed as a method for assaying a glycated 
Chim. Acta, 112, 197-204 (19B1» cost-effective manner within a shorter period of 

protein in which the procedure »^^^2S£!d me hods (Japanese Patent Pubiication (kokoku) No. 
time with higher accuracy compared to the «^*«™ 7895*999 (Heill-1 27895), and WO 97/13872). 
33997/1993 (He.5-33997). Japanese »J^^V£S^ S Please and a fiuctosy. amino acid 
[00 H° 51 '"iTedToTtt a Sated amTnoTcid to assay the produced hydrogen peroxide. Examp.es of 

oxidase is allowed to act on a , ' Derale °J^! , methods include an oxidase produced from a bacteria belonging 

oxidases disclosed as usable in the enzymat c as sa y method 8 " °^ 97/ P 993 (He i5-33997) and 65300/1 994 

o ; l!f H On!„N??89253^ 

Patert Laid-Open No 289253/1 995 (Mei^a»« ,,, ^ 154672/1996 (Hei8-1 54672)), an oxidase 

(for example, glycated ^^^^-^S'^Zri conventional protease. In addrtion, the above-de- 
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is fractionated by reversed phase high performance liquid chromatography, and the content thereof is determined 

JEZ . «ZS from that of the conventional enzymatic methods in a cost-effective manner w.thin a short penod of 
time with high accuracy. 

iO DISCLOSURE OF THE INVENTION 

rooioi We have conducted concentrated studies to attain the above object and as a result have found that, by a 
certai Je ol protease treatment, an a-gfycated peptide having a specific number of amino acd res.dues (a glycated 
SBJI a-amino group of an amino acid at the amino terminus of the peptide has been glycated), particularly 
15 iTfawZe* dipeptide (a glycated dipeptide in which an a-amlno group of an amino acid at the amino term.nus of 
the *S ^as been glycated), is efficiently liberated from a glycated protein and that an enzyme in which a fructosyi 
amino ac d olase produced from microorganisms is modified acts on the liberated a-glycated pept.de, espec.ally an 
ZZ^Teom^ ^Z manner, to produce hydrogen peroxide. Further, an a-glycated peptide l.berated from 
«-glycated d.pept.de in a i speetf.e i manne p y « jd and as a resulti a g | ycated prot ein 

^ZT^ P TXZ^ as^rpSod of time, and with high accuracy. This has led to the 

r0 O 0 m i1i etiO Th 0 e f p*7eZv n elTpmvides a method for assaying the presence and/or amount of a glycated protein in a 
Laml an I reaqen kit fo assaying, which is used in the above method. In the assay method, a sample conta.n.ng 
or can of c2S a glycated protein is treated with protease, and when a glycated protein is present, a glycated 
oeSde Preferably an « g*cated peptide, particularly preferably an a-glycated dipeptide, is liberated therefrom and 
ll ^Iet^ a actXy to produce hydrogen peroxide upon reacting with the glycated pept.de .s allowed to act 
on th" se S glycSeTpeptldes, thereby assaying the resultant hydrogen peroxide and the .ike, or alternately. 

^^otX^^~^ • — - ** — Ving the presence and/or amou^f a 
, n EL n^nde In a sample by allowing an oxidase having an activity to produce hydrogen perox.de upon react.ng 
2K ^ff?pi)2Z^2* a sample containing or capabie of containing the glycated peptide to assay the 
resulting hydrogen peroxide and the like. 

[0013] More specifically, the present invention provides the following (1) to (12). 

m A method for assaying the presence and/or amount of a glycated protein in a sample, wherein the sample is 
eatd wlf Pmteast Swed by treatment with an oxidase having an activity to produce hydrogen perox.de upon 
reacting TwSh'a glycated peptide to assay the presence and/or amount of a generated product or consumed sub- 
stance by the reaction. 

12) The method for assaying the presence and/or amount of a glycated protein according to (1) ^^araln 
the protease is at least one protease selected from proteases produced by m,croorgan,sm S belong.ngtothe genus 
Aspergillus, Saccharomyces, or Bacillus. 

(3) The method for assaying the presence and/or amount of a glycated protein according to (1) above, wherein 
45 the glycated peptide is an a-glycated peptide. 

(4) The method for assaying the presence and/or amount of a glycated protein according to (3) above, wherein a 
peptide portion of the a-glycated peptide is a short chain peptide having 2 to 6 am.no acids. 

(5) The method for assaying the presence and/or amount of a glycated protein according to (3) above, wherein 
the a-glycated peptide is fructosyi valyl histidine. 

(6) The method for assaying the presence and/or amount of a glycated protein according to (1) above, wherein 
the product to be assayed is hydrogen peroxide. 
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m A method for assaying the presence and/or amount of a glycated protein in a sample, wherein the sample is 
2a^Xrotease, and the presence or absence, and/or amount of liberation of fructosyi valyl h.sbd,ne ,s then 



assayed by HPLC. 
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C.Amethodforas.^^^ 

i^i^ ^ « c ° nsumed substance produced by the re 

(9) A reagent kit for assaying a glycated protein in a sample, comprising the following components: 

%Tl***se having an actMty to produce^hydrogen peroxide by reacting with a glycated peptide; and 
(iii) a reageru iui eto&ayir.a hydrcgcr. peer 1 

(10) The reagent kit for assaying a gfycated protein in a sample according to (9) above, wherein the g.ycated 
peptide is an oc-glycated peptide. 

(1 , ) The reagent kit for assaying a glycated protein in a sample according to (1 0) above, wherein a peptide portion 
of thl a 9hrca,ed peptide is a short chain peptide having 2 to 6 am.no acids. 

(1 2) The reagent kit for assaying a gfycated protein in a sample according to (1 0) above, wherein the «-g.ycated 
peptide is tructosyl valyl histidine. 

ii ~4 tK« entente rtkelosed in the specification and/or drawings of Japanese 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 [0015] 

Fig. 1 shows a result of assay of an a-glycated dipeptide (f ructosy, valyl histidine) in a samp.e using a method of 
the present invention. 

Fig .2showsaresult of assay of grated hemog.obin(HbA te ) in asampleusingthe method of the present invention. 
BEST MODE FOR CARRYING OUT THE INVENTION 
EOOtS) The present invention wi„ now 

the present invention may be of any type so long as J^SSSSLin includes glycated albumin and glycated 

and aldose such as glucose. For example, ^T^JjET fthe «say of for example, glycated hemoglobin 

hemog.obin (HbAlc) and the P-^'™^ and powdery 

(HbA1c). Further, glycated protein ,s included In , foods at WJJ^JJJJ Qf he nt invention so , 0 ng as the 

foods. Any sample can be utilized as a sample contain ng he fluids such as b.ood and saliva in an 
glycated protein described above .s conta ne^ 

°oor" s ™ 

lease" as used herein refers to an ^J^^^S^jP^T^ to' liberate the glycated peptide, 
may be used as protease so long as the enzyme can react «mn me m P n Suitable 

and suitable enzymes can be appropnate.y s e.ec *^^™^^*£ na J B> ^olysin, subtilisin, car- 
enzymes inc.ude, for example, V*™*™*™^^^^ aminopeptidase. .n the present 

ooxypeptidase B, cathepsin *2£5- on which the oxidase used in the present inven- 

invention, protease capable o effjc eny hb^ 

tion, described below, can easily act 1S desirable. Particuiany prere y, h example, "Molsin", "AO 

dipeptide includes protease derived from a fungus ^SSSiEn?iZ5^«Yd^«««..y«« 
Please", or-PepU^— to the genus Bacill uch 

:rx— Dai - Kasei) - The above pro,eases can be used aione or ,n a 

ol two or more. eamnlfl - n , ona as tne pro tease acts on the glycated protein 
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in a higher temperature range of 45 to 70 C depending on mew^ ^ bs 1 tQ 1gQ minu , eSi pre f erab |y 

sample, inc.udes any type of glycated peptide so long ^'^^S^^mM be.ow, can easily act 
glycated protein with the protease and that the oxtdase used in the pres de navj 2 10 6 amlno 

thereon, with an «-gfycated peptide being p^errec X ^-S^^J^iJ^S. (h«tart5 abbreviated 
acids of the peptide or the like. An «-9* ca * ed * pep *^^ or , 0 ods include, for example, a 

»o "fructosyl Val-Hls" or »Fru-Val-His») or the like • part^larly ^^ f ^^ nism or in the production 
iiberated glycated peptide ^ *^^^^„;^«. a liberated peptide through de- 
S^^lKSft irJ^ese are y a,so included in the liberated glycated peptide of 

an oxidase Is a.lowed to act and a method In , ^ " PL ^ | , r ^J Ion will now be described. The oxidase is allowed 
[0021] A method for causing the ox.dase to act of l^njrj consumed substance by the reaction, the 
,o act on the glycated peptide, and by ■ BJ-JjJ^ * 0 ^edas the oxidase used in the present 

glycated peptide is assayed In »^E^SS t?JS!S^ - P»™* inve " tion "> Can aCt 3 Sp6Cif te 
invention so long as the 

rc^an^crdXeP^e^ 

such as a glycated peptide oxidase can be used. invention can be obtained by screening 

[0022] in genera., a ^^^^'^^ST £ "SEE b searching from animals or plants, in 
the natural world or the enzyme of the present invention can De > ' * d Mean . 

addition, those prepared through gene of the preset invention, 

while, a conventional fruclosyl amino acid oxidase may oe mo™ produce d from a bacteria belonging to 

Examples of the conventional fructosyl ammo ac.d ox.dase include ' *• 653Q0/1 gg4 

the genus Corynebacter/um (Japanese Patent P^^J^^^^X""- Patent Laid-Open 
(Hei6-65300)). the oxidase produced from a fungus belonging tc ' ** ^JJJS. 1 ^ Gtotere , /a (Japanese 
L. 155780/1991 (Hei3 fi 1557^ 

P^^^^-ffS^^^^^SS^Si and 154672/1996 (HeiB-1 54672)). the oxidase 
/urn (Japanese Patent Laid Open Nos. 289253H sas trie./ ' Laid-Open No. 336386/1996 

produced from a fungus belonging to the 9<ni« fcjpjn^ ^3/1993 (Hei5-192l93)). 

?HeiB-336386)), and the Ketoamine oxidase (Japanese P^^^^^ 1 ,^. conv entiona. fructosy. amino 
0023] lnordertoobtaintheoxidaseofthepresent.nvent,onthro^ 

acid oxidase and the like, a microorganism capable of P£^« ^JJ^S St a mutagen such as ethy. methane 
ro^e'oTth/present invention U .seiected fron j*. ^^^^^ rf mut-tan 

mutation u hu Honina naturallv-occurring genes derived from organisms ca- 
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DNAconta^^ su^t gene fragment is amplKied by a suitable polymerase chain reaction PGR) , such m im 
5-RACE or 3'SaCE method, and the amplified DMAs are linked to each other to obtain a DNA conta.n.ng a full length 
of^ld tvoe aenf As^aTurther example, a method exists in which isolation is carried out in accordance w,th a conven- 
of wild-type gene, as a Turmer e h . maintains plasmid DNA codmg for a wild-type 

tional method ^rn^^^X^^^B^ ^ ^ ^ as . generally available 
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yci ib ui ii ic ^. 



m02M for introducing mutation into the wild-type genes include a method in which a wild-type gene is 

LontSte Twlh a muta Z agent for example, an alkylating agent such as nitrosoguanidine, an acrldme dye, hyd ox- 

producing Patent Publication (kokoku) 

S'Sw^tSS^IdlS^ (Hefe-65300)). fiM»«* ^//(E. coli) DH5«(pFP1) w« , deposfted 
aUhe RESEARCH , NSTH-UTE OF BIOSC.ENCE AND HUMAN-TECHNOLOGY (1-1-3, H.gash,, Tsukuba, .barak,, 

S£ a ThioSr S fhe ^^SISC ™f animals, plants and the like containing the 
[0029] The ox dase of the ^presen I inve example, a conventional extraction method. Forexample, 

55SJ»"1» «h« am»un, M «*!«. .nzym. p,=d U c.d.Th.« Put*. Pou.cs ,„d ,ub,»nc 
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to bB aa d e dm a yb euse d a l oneori ; — 

::; a :r^ p— * « - 25 ■ by means ot submer9ed 

culturing with aerating stirring, shake culturing, stationary cufturing , orth. ^ order 

to collert * e * ^ (rom tne cultured product through an operation such as filtration and centr.fugat.on to 

Pf ! Z^' nJvme from The stra nTor example, a method for cleaving strains using a conventional cleavage means 
collect ^^ZZ^ TLnoU press or DYNO-Mill, a method for dissaving a cell wail of a strain using a^ceji 
" ^"I "l^nrh as ivsozyme, or a method for extracting an enzyme trom me sua,.. u=>.u a a ^..c^... 
w wall lytic e inzyme »" ch " ^ ^ 'if or in combination. Subsequently, an insoluble substance is removed by filtration 

. or centnfugat.cn to obtain an en f^ e therefrom with the aid of streptomycin sulfate, protam.ne sulfate, 

1rom the resuKan extract. ^^ortZlume. alcohoi. acetone or the like is then added thereto. The mixture 
manganese sulfate or tne i.Ke, ana am nh , fli nina a crude enzyme. In order to obtain a more purified 

,s is fractionated and a precipitate Is collected, ^**^™J^*™™*^ m ads0 rption-elution method utiiizing 
enzyme samp.e, for --pie. g~ „ £ m a moiecular sieve mem- 

an ion exchanger, hydro^apat ,te * * ' JJJ JJJ^ °r performed in combination to obtain an enzyme 

25 (1) Preparation of reagents 

H/D1vin kU of oeroxidase (TYPE III, Toyobo Co.) and 100 mg of 4-aminoantipyrine (TOKYO 
ESS k5^§5^'-) a^ssoEtrM^tLsium phosphate buffer (pH 8.0) to ft, the so.ution at a constant 

30 °Rea L gent2(R2): 500 mg of TOOS (N-ethy«-N-( 2 -hydroxy-3-sulfopropyl)^ ; toJuidine, DOJINDO LABORATO- 

dissolved in ion-exchange waterto fix the solution at a constant volume of 10 mL. 
35 (2) Assay 

« a o- ^ Ht^oTmi ofm and 100 uLofan enzyme solution containingthe oxidase of the present 
[0035] 1 00 uL of R2 is added to 2 7 mL of R1 . anc II 00|*L ■« * y 37 , c for 5 minutes . , 00 uL of R3 is then 

invention is added thereto, followed by m.x.ng Jhe mixt ure is prehea *^ 37 Hjtacnj „ used t0 measure 

added and the mixture is thorough* mixed Thereafter * f Pectroph « tomete ( according to 

« changes in absorbance at 555 nm during the rea^n at 37 C for instead of 1 00 u.L of R3. A 
the same procedure as above except for the addition of 1 00 uL ol ion «^"9 correlation between 

previous* prepared standard the amount of hydrogen 

the amount of hydrogen peroxide and the amount ^ n ° d F rom the Stained value, an activity un« in the 

e^so^ 

a property that produces hydrogen peroxide. Thus, not only can £ ™J^™^ P tically assaythe derated 

The oxidase of the present invention » aTtnough i depends on the amount of the glycated peptide 

reaction mixture to 0.1 to 50 U/mL, preferably 1 t . 1C ' atthough it p particularly preferably 5 to 9. 

in the mixture. When reacting, the range of pH value s to e«mple ■ P » H t(on 

, t is preferable to adjust the pH value with the aid of > , puffer to ^f^J^J^ /not limited to the 
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em p,o y ed in a conventional 

[0038] ^.^"flto^pn^nv^^ ^^^J^ by the reaction , tne glycated pep tide is assayed, 
ana uy — »-■•"-;--! - ' a | vcated DeD tide by the reaction of the oxidase of the present invention 

Substances (products) produce d J r ^S^ ^ucZooe. On the other hand, substances to be consumed 
include, for example, pept ,des hydrogen P^ e - ana 9 and consumed substances can be assayed using 

(consumed substances) Include ^S£^£^^^ lng 0XV g en m0 | e cu.es include an electrical method 
respective measuring methods. Fo eXa ^ jdes ^d. the assay by separation utilizing a reversed- 

pTeHP^ 

include a method for assayln 9 hydrogen | P«™^ inventjon be assayed by any 

[0 Td J2S^SSSS£ n SI using an oxygen e.ectrode, and preferably an enzymatic 
method and examples tnereor mciuoe * substrate For example, in the present invention, the assay is 

a :?r b a e nce7is measuTed ^n a and the measured value is compared with a standard absom- 

Tnc^L^ 

mnaii " Ana^avreaqent kit for assaying a glycated protein in a sample according to the present invention comprises 

ro7irsrrrr^r=rd v P ^^^ 
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u. ^ ,,hi TSKael ODSSOTs (Tosoh Corp.). and Shodex RSpak RP18-415 (Showa Denko K.K.) and 
C-18 (Shse.do Co. • ' Ii^lcT nclude TSKgef S P-2SW and TSKgel CM-2SW (Tosoh Corp.). After protease treat- 
columns for 'on-exchang^ ^^J^^ese columns, and an e.uent is used to e.ute a subject grated peptide^ Any 
ment, reaction m.xture .s ^°*ed on ne invention, and examples thereof .nclude, .n 

e.uent may be used sc £"9 »J£ ^^^^J. and water containing trifluoroacetic acid, a mixed 
the case of reversed phase 

eton.m.e. Preferabty. in the present set up so that the 

SCa^ 

l- 3] Asamethodford^cting^^^^ 

glycated peptide can ^ i£ '."£22 for determining the peak of the subject molecular weight by 

at a wavelength of 2^ 

fractionating each detected peakj ouoweo y J* subjected to colorimetric measurement w.th 

a method in which ar ** detec ^ absorbance is employed, the area of 
ninhydnn or ^^^^^^^ by a m0 nitor is calculated and the calculated value Is compared w.th 
IS TeZ ESn pSS sSdard substance" Thus, the amount o, the glycated peptide and the glycated prote.n 

!5£ a The ye p?esent invention will be described in more detail with reference to a reference example and examples, 
JSZ.2TS3c.l scope of the p^sent invention is not limited to these examples only. 

Reference Example (production of glycated dipeptide) 

,0045, Thee-gtycatedd.pep^^ 

7.0 g (27.6 mmo.) of commercially '^^ d ^^X2S!!It atou^ 50'C and the mixture was Carried. Sub- 
in 14 mL of water, 5.8 mL of acetic aod was ad f e f n a "^f J^ 0 ' V ^ d a %f 8 °^^ oI) of glucosc was then added, and the 
sequent 120 mL of ethane, was ^J^^^^^l Sticafty sea.ed container at 80»C for 6 
mixture was thorough* mojd IJ^J^U^SS over time. An aiiquo, was taken from the reaction 
hours while sporad.cally stirnng. The reaction solution reversed phase high performance liquid chroma- 

solution over time, adequacy diluted, and "^^Sr^^S^SSn of ?hJ subject glycated dipeptide. 
tography, thin-layer chromatography or mass 6 to 1 0 hours. Next, the reaction solution 

in general, a glycated dipeptide can be obtained I m. J^flh y»W by h - -9 for 6 Jhe concentrate was adsorbed 

was collected and concentrated to fitteenfo Id to th.rty old u • W ™J ^ wasned wftn 2 

on a silica gel column (bed volume: 2,000 mL) that had been was e ^™ w ° r W " removed Subseque ntly, elution was 
b ed voiumes of ZZ^J^JZ. 3 bed volumes 3 85% ethanol, and 

carried out using 3 bed volumes ol 8b analyzed by thin-layer chromatography, reverse 

3 bed volumes of 80% ethanol, ,n that 0 ^^^^ o ^ a 95 to 90% ethanol elution fractions containing 
phase high pert onmance qu, dryn ess using a rotary evaporator to obtain 
a sub ect f ructosyl Val-His. Tne coneciea tracuun rometrv an alvsis the molecular weight of the punf led 

ab out 3 g of partially purified product. ^ a and the structure thereof was 
product was 41 6, which was congruous with the ' ™ * cula ^ ht J with the conventional method, this 

a hexapeptide, respecOvely, in the same manner as described above. 
Fxam ple 1 (Libera*^ l'Y™ ted ^peptide from glycated hexapeptide) 
[0046, Tree* ng glycated hemoglobin (HbAlc) with 
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To 0 1 mL of this solution were added the following combinations of 0.01 mL of protease solution (20 mg/mL) and 0.09 
mL of buffer (0.1 M) ((a) to (d)), followed by mixing to subject to protease treatment. 

(a) Caiboxvpeptidase Y (Oriental Yeast), a phosphate buffer (pH 6.5). , Kilftor ,_ H 

(b) AO protease (commercially avaiiable from Seishin Corporation), a citnc ac.d-d,sod,um phosphate buffer (pH 

Peptidase (commercially available from Seishin Corporation), a citric acid-disodium pf *^<£ 6 0). 
|d) Molsin (commercially available from Seishin Corporation), a citnc ac.d-d.sod.um phosphate buffer (pH 3.0). 

i . i + ^«^ti«r. at Q7op fnr fiO minutes Thereafter, the reaction mixtures were 
(tnfluoroacet^ aaaywa rf ugj lhjn . layer chromatogra phy (a s,l,ca 

was subjecte d to , ^ ' "^J" of identification of the liberated amino acid residue and the measure- 

sp T71?mo^ t^t. in each case ' the a - 9lycated hexa P e P tide < fructosyl Va, - Hfe ; 

Z^SS^L SedToTde! 1 its carboxy terminus and/or internal* cleaved and thereby decomposed 
^S^^SrS^ SS^SESr ~ spectrometry revea.ed that a major portion 

a r;r^ 

the signal of fructosyl Val-His was found. 

Example 2 (Liberating glycated dipeptide from glycated protein) 

rnndoi Distilled water was added to a glycated hemoglobin (HbA1c) control (International Reagents) to prepare a 
[0049] D.sW ed * y ^ To QM mL of thls soluti on were added 0.01 mL of protease derrved 

solution of 8 g/dL (HbAlc conten of_ ab ^ ™ cjtrjc acid . diso dium phosphate buffer, pH 
from the genus ^ e ^^' n ' 2 ° J^ed ^ protease at 37-C for 1 80 minutes. Thereafter, the reaction 
wT^ec^ 3 (fractfcn mo,ecu,ar weight 3.000. Grace ^aper , K K ; ) 

nth! )ZtJ2« diluted and then assayed by HPLC as described in Example 1 . The liberation of fructosyl Val-H,s 
£2£SS SJE£E. di e pe P tide y was determined based on the area of the e.ution peak. The glycated prole.n 
was assayed using the measured value. 

Example 3 (Obtaining the modified oxidas e of the present invention) 
(-1) preparation of template DNA 

rOOSOl Escherichia coll DH5ot, which maintains a plasmid ( P FA5) coding for a fructosyl amino acid oxidase genes 
[005UJ tscnenoiua w , mn/n^bacterium (FERM BP-61 82), was inoculated into 1 00 mL of LB- 

derived from a bacteria belonging £ ^^SSSSSTSKS chloride. sLg/mL ampici.lin, pH 7.0), fo.iowed 
KSS ^T^^-S^i^ P"-"* 1 - 5 «"» ° f ^ A5 P'asmid DMA was obtained from 
M^SS^^h accordance with the method described in "Molecu.ar Coning (2nd. Ed,t,on, 1989)". 

(2) Introduction- of mutation 

[0051] 30 ug of pFAS plasmid DNA was dissolved in 1 00 uL of hydroxylamine solution (0 8 fV ' ^vaamins , £dro- 
tuuoij ou^yuiK r mM pdta^ The solution was subjected to mutation treatment at 65 Cforz 

Into a LXalp Sr mediuToi bactotrypton, 0.5% bactoyeast extract, 0.5% sodium chloride, 50 ug/mL amp.c.hn. 
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1 .5% (w/v) agarose, pH 7.0) to culture at 30°C for 24 hours. 

(3) Selection of producing microorganism 

mn M i Ahout 50 000 strains of colonies that were developed after 1 8 hours of culturing were transferred to Hybond-C 
[0052] About 50,000 s1 ™ n %°; c <™ S so|utjo n Q n the then hand, Hybond-C that had been immersed in 

T^IZ ™^?£P££^.^ 4 aminoanttpyrine, 50 mg/mL TOOS, and 100 mM potas- 
50 mMfructoy Val-H ,J5 «J^p«o ^ 8 H ybond-Cs were placed on each other in such a manner that 

(4) Enzyme production 

invention was inoculated into 10 L of LB amp med.uiT .an ^ 
airflow of 1 LAnln at a rate ^^^2^^^^ of 50,000 (ASAH, KASE. CORP.) and 1 M 
concentrated to 5 L wfth the aid ^ r ™7 heret0 Tnereafter , bacte ria. cells were fragmented by DYNO-mill. 

^S^^^^OOO rpm for 15 ^^^^ «" — - " 
a cr ude 9 en Z y^e solution and subjec^ 

10054] ^™*££rr^^ equilibrated by 50 mM potassium phosphate buffer 

was adsorbed on 2 L f B ^^^.^ rn ^^ n hlng wjth 2 L of the same buffer, elution was performed using 

a potassium phosphate buffer (a potassium cniun wot . H fnr mpagur jna a titer of the oxidase of the present 

activity of the obtained e.uen, was a = db~ ^^^ZZZ^^ using an ultrafiter mem- 
invention , ac«ve ^^^^^^^SS^ wKh 50 mM potassium phosphate buffer (pH 8.0) 
brane with an MW of 6,000 (ASAH I KASfci own j TOYOPEARL column, which had 

containing 16% ammonium sulfate The product w^ 

been equi.ibrated by 50 mM potass.um P* 08 ?" 3 ^"^ 3 Ulfate concentration: a linear gradient 

same buffer, and eluted with 50 mM potassium ^^^'^^^ waS concentrated using an ultraf i.ter 

8.0). Thus, the subject enzyme solution was obtained. 
Example 4 (As sa y of g-glycat ed dipeptide using oxidase) 

[0055] The following reagents were prepared for use in the assay of the glycated dipeptide. 



Reagent A (coloring reagent) 



4-Aminoantipyrine (TOKYO KASEI KOGYO CO., LTD.) 
TOOS 

Peroxidase (Toyobo Co.) 

Potassium phosphate buffer (pH 8.0) 



0.2 mM 
0.2 mM 
1 4.3 U/mL 
0.1 M 



Reagent B (oxidase reagent) 



Oxidase obtained in Example 3 
Potassium phosphate buffer (pH 8.0) 



4 U/mL 
0.02 M 



Example w... i~d » ™,u „er. prepared. 2.1 mL of Reagent A was added to 
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15 



mL of Beagent B was added 

sorbance at 555 nm was me»uradand an J J"™^^ vanous concentra tions is shown in Fig. 1 . Fig. 1 

An example of the SnKSSSS dipeptide concentration. The a-glycated dipeptide in a 

shows a linear correlation ^tween AOD J nd ^^STaocuicJ. In contrast, instead of the oxidase of the present 
sample can be assayed ,n a short penod of ^ { ^os7amino acid oxidase (Japanese Patent Publication 

conven_t,ona, = ^ 

acid oxidase has'led to the provision of a novel oxidase of the present invention navmy , ».« - - «, 

peptide. 

Example 5 (Assay of glyca ted protein using oxidase) 

[0 057] The foliowing reagents were prepared for use in the assay of the glycated protein using the oxidase of the 



25 



present invention. 
Reagent A (coloring reagent) 
20 Same as Example 4. 

Reagent B (oxidase reagent) 
Same as Example 4. 
[0058] 



30 



35 



40 



45 



50 



55 



Reagent C (protease reagent) 



Molsin (commercially available from Seishin Corporation) 
Potassium chloride-hydrochloric acid buffer (pH 3.0) 



20 mg/mL 
100 mM 



types of samples wrth a HbAI content ^^^^^^ was treated with protease at 37'C for 1 hour. 
C (protease reagent) was added to 1 00 nL of ™ e sam P le a "° lne s ; auent|v 0 5 M NaOH was added to the reaction 

,up.™t.nt, Mto~d by mixing The nrnjib. J^J^" £££ °i °Lp,.«on o( ft. region were 

r£=r=b^ 

and rapid manner with high accuracy. 
INDUSTRIAL APPLICABILITY 

JST « "bS. >...»« »d pt.nt w ,c.io™ « b.™ W .,. lnco„.,.ted b.,«n by — In «lr 
entirety. 
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Claims 

1 A method for assaying the presence and/or amount of a glycated protein in a sample, wherein the sample is treated 
w^ote^^^ 

2 a glycated peptide to assay the presence and/or amount of a generated product or consumed substance by 
said reaction. 



2. 



The method for assaying the presence and/or amount of a glycated protein according to claim 1, wherein the 
The method for a ss ^ n 9^P_ hv Droteases Droduced by microorganisms belonging to the genus 

plOtWiaOO »0 OL l«?C*Wk r . - - - 

10 Aspergillus, Saccharomyces, or Bacillus. 

. 3. The method for assaying the presence and/or amount of a glycated protein according to claim 1, wherein the 
glycated peptide is an a-glycated peptide. 
1S 4 The method for assaying the presence and/or amount of a glycated protein according to claim 3, wherein a peptide 
portion of the a-glycated peptide is a short chain peptide having 2 to 6 ammo ac.ds. 

5. The method for assaying the presence and/or amount of a glycated protein according to claim 3, wherein the a- 
glycated peptide is fructosyl valyl histidine. 

6. The method tor assaying the presence and/or amount of a glycated protein according to claim 1, wherein the 
product to be assayed is hydrogen peroxide. 

7 A method for assaying the presence and/or amount of a glycated protein in a sample, wherein the sample is treated 
!C^^PM^ or absence, and/or amount of .iberation of fructosyl valyl histidine is then assayed 
by HPLC. 

8 A method for assaying the presence and/or amount of a grated peptide in a sample, wherein the sample is 
treated with an oxidase having an activity to produce hydrogen peroxide upon reacung^ w.th he , glycated pept,de 
to assay the presence and/or amount of a generated product or consumed substance by sa.d reaction. 

9. A reagent kit for assaying a glycated protein in a sample, comprising the following components: 

!!!) P an oxTdase having an activity to produce hydrogen peroxide by reacting with a glycated peptide; and 
(Hi) a reagent for assaying hydrogen peroxide. 

10. The reagent kit for assaying a glycated protein in a sample according to claim 9. wherein the glycated peptide is 
an a-glycated peptide. 

11 me reagent kit for assaying a glycated protein in a sample according to claim 1 0. wherein a peptide portion of the 

a-glycated peptide is a short chain peptide having 2 to 6 amino acids. 
12. The reagent kit for assaying a glycated protein in a sample according to claim 1 0. wherein the a-glycated peptide 
45 is fructosyl valyl histidine. 
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Fig. 1 
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Fig. 2 
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